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,QWURGXFWLRQ
([WHUQDOIRUFHVKDYHKLVWRULFDOO\EHHQWKHPDLQGULYLQJIRUFHEHKLQGFKDQJHVLQPRWRUYHKLFOHVL]HDQG
ZHLJKWUHJXODWLRQV,PSURYHPHQWVLQKLJKZD\VDQGIUHLJKWYHKLFOHVDQGWKHUHVXOWDQWFKDQJHVLQVL]HDQG
ZHLJKWOLPLWVWRJHWKHUZLWKLQQRYDWLRQVLQWKHPDQDJHPHQWRIIUHLJKWDQGORJLVWLFVKDYHEHHQLPSRUWDQW
VRXUFHVRISURGXFWLYLW\JURZWK$VORQJDVWKHH[WHUQDOGULYLQJIRUFHVSHUVLVWWKHUHJXODWLRQVDUHOLNHO\WR
FRQWLQXHWRFKDQJHWKURXJKWKHSROLWLFDOSURFHVV3ODQQLQJIRUFKDQJHDIIRUGVWKHDXWKRULWLHVUHVSRQVLEOH
IRU WKHKLJKZD\V\VWHPDQRSSRUWXQLW\ WRPDQDJH WKLVSURFHVV UDWKHU WKDQ ULVNKDSKD]DUGGHYHORSPHQW
,VVXHVDULVLQJIURPOHJDOZHLJKWOLPLWVRQWUXFNVLQFOXGH52',6

x WUDGHDQGSURGXFWLYLW\
x FOLPDWHFKDQJH
x FRPSHWLWLRQZLWKUDLOIUHLJKW
x SDYHPHQWFRQVWUXFWLRQDQGPDLQWHQDQFHFRVWV
x URDGVDIHW\FRQFHUQVDQG
x EULGJHVDIHW\

5RDGIUHLJKWWRGD\XVHVDIRVVLOIXHOGLHVHODQGZKLOHWKHUHDUHFRQWLQXDOVPDOOJDLQVLQYHKLFOHHQHUJ\
HIILFLHQF\GHPDQGFRQWLQXHVWRJURZPRUHRUOHVVLQOLQHZLWK*URVV'RPHVWLF3URGXFW*'3JURZWKDV
FDQEHVHHQLQ)LJXUH7KLVILJXUHVKRZVDJURZWKLQWKHWRWDOWRQQHNPRIIUHLJKWLQWKH(8RYHU
WKHHOHYHQ\HDUSHULRGWR7KHVROXWLRQLQVRPHFRXQWULHVLVWRPRYHIUHLJKWWUDQVSRUWWRHOHFWULFDOO\
SRZHUHGUDLO+RZHYHU ,ULVK UDLOV\VWHPVDUH ODUJHO\UXQRQGLHVHODQG WKLV LVXQOLNHO\ WRFKDQJH LQ WKH
PHGLXPWHUP

*'3DWFRQVWDQWSULFHV
SHUIRUPDQFHLQSDVVHQJHUNLORPHWUHVRISDVVHQJHUFDUVSRZHUHGWZRZKHHOHUVEXVHVDQGFRDFKHVWUDPVDQG
PHWURVUDLOZD\VLQWUD(8VHDDQGLQWUD(8DLU
SHUIRUPDQFHLQWRQQHNLORPHWUHVRIURDGUDLOLQODQGZDWHUZD\VRLOSLSHOLQHVLQWUD(8VHDDQGLQWUD(8DLU

)LJXUH(YROXWLRQRIWUDQVSRUWGHPDQGDQG*'3LQWKH(8IRUSHULRG(XURVWDW
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7KHJUHDWHVWVFRSHIRUVKRUWWHUPLPSURYHPHQWLQWKHFDUERQIRRWSULQWRIIUHLJKWWUDQVSRUWLVWRLPSURYH
WKHIXHOXVDJHSHUWRQQHRIIUHLJKWFDUULHG7KHODUJHUHQJLQHVUHTXLUHGIRUKHDYLHUWUXFNVDUHKLJKO\HQHUJ\
HIILFLHQW DQG WKHUH LV D VLJQLILFDQW JDLQ LQ WKH HQHUJ\ RU FDUERQ IRRWSULQW SHU WRQQH RI IUHLJKW FDUULHG
:RRGURRIIH 	 $VK  FODLP D  UHGXFWLRQ LQ IXHO FRQVXPSWLRQ GXH WR WKH XVH RI /RQJ
&RPELQDWLRQRU(XURSHDQ0RGXODU6\VWHP(06YHKLFOHV7DEOH7KHVHDUHW\SLFDOO\D[OHWRQQH
WUXFNV /LNH PDQ\ FRXQWULHV ,UHODQG KDV QR FXUUHQW SODQV WR LQWURGXFH (06 YHKLFOHV DW WKLV WLPH
+RZHYHUWKHDXWKRUVKDYHFRQVLGHUHGWKHLPSOLFDWLRQVRIDVKLIWIURPD[OHWRZDUGVD[OHWUXFNV:KLOH
WKH VDPHJDLQVFDQQRWEHH[SHFWHGDV WKRVHRI7DEOHPRUH IUHLJKWRQD[OH WUXFNVGRHVFRQVWLWXWHD
VLJQLILFDQWVWHSDORQJWKLVURDG

7DEOH±%HQHILWVRI(069HKLFOHV

3HUIRUPDQFH0HDVXUH 5HGXFWLRQGXHWR/&9V
)UHLJKWPRYHPHQWVDQGRYHUDOOWUXFNNPV 
2YHUDOOVKLSSLQJFRVWV 
)XHOFRQVXPSWLRQJUHHQKRXVHJDVHPLVVLRQV 
5RDGZHDU 

6SHFLILFDOO\ WKLV SDSHU UHSRUWV RQ D VWXG\ RI WKH LPSOLFDWLRQV RI LQFUHDVLQJ *URVV 9HKLFOH:HLJKW
*9:OLPLWVIRUEULGJHORDGLQJLQ,UHODQG/RDGLQJLQIRUPDWLRQLQWKHIRUPRI:HLJKLQ0RWLRQ:,0
GDWD IURP 7KH 1HWKHUODQGV DQG 3RODQG KDV EHHQ FRQVLGHUHG IRU D ZLGH UDQJH RI EULGJH OHQJWKV DQG
LQIOXHQFHOLQHV,QWKHDEVHQFHRIORFDO:,0GDWDWKHVHVLWHVZHUHFRQVLGHUHGLQGLFDWLYHRIWKHUDQJHRI
FRQGLWLRQVWKDWPLJKWEHH[SHFWHGLQ,UHODQG&KDUDFWHULVWLFEHQGLQJPRPHQWVDQGVKHDUIRUFHVIURPWKLV
:,0GDWDKDYHEHHQGHWHUPLQHGE\H[WUDSRODWLRQRQSUREDELOLW\SDSHUWRGHWHUPLQHWKHFKDUDFWHULVWLFLQ
\HDUORDG7KHGDWDLVWKHQDOWHUHGWRVLPXODWHWKHHIIHFWRILQFUHDVLQJWKHOHJDO*9:OLPLWVDQGWKH
PRPHQWVVKHDUV FRPSDUHG $ VLPSOH DQDO\VLV RQ WKH LPSDFW RI DOWHULQJ *9: OLPLWV DQG KHQFH D[OH
ORDGVRQSDYHPHQWGDPDJHXVLQJWKHWKSRZHUODZLVDOVRFRQVLGHUHG
:HLJKLQ0RWLRQ:,0'DWD
7KH FROOHFWLRQ RI VLWH VSHFLILF :,0 GDWD DOORZV WKH UHDO ORDGV RQ EULGJHV WR EH GHWHUPLQHG RQ D
QHWZRUN E\ QHWZRUN RU EULGJH E\ EULGJH EDVLV &DOFXODWLRQ RI WKH FRUUHVSRQGLQJ ORDG HIIHFWV IRU WKHVH
ORDGLQJ VFHQDULRVFDQ WKHQEHSHUIRUPHG7KLVDOORZVHDFKEULGJH WREHDVVHVVHG IRU WKHDFWXDO ORDGLQJ
VFHQDULRVLWH[SHULHQFHVUDWKHUWKDQWKHRIWHQFRQVHUYDWLYHFRGHORDGPRGHOV,QWKLVSDSHU:,0GDWDLV
XVHG IRUDPRUHZLGHUDQJLQJDQDO\VLV FRPSDULQJFRGLILHG ORDGPRGHOV WR WKH UHDO ORDGLQJ LQIRUPDWLRQ
REWDLQHGIURPWKH:,0VHQVRUVZKLFKDUHUHSUHVHQWDWLYHRIW\SLFDOORDGLQJVFHQDULRVDFURVV(XURSH

2QH PRQWK RI :,0 GDWD IURP 7KH 1HWKHUODQGV WDNHQ IURP +LJKZD\  EHWZHHQ 5RWWHUGDP DQG
%HOJLXP ZDV LQLWLDOO\ FRQVLGHUHG 7KLV GDWDEDVH ZDV DQDO\VHG DV LW UHSUHVHQWV RQH RI WKH PRVW
FRPSUHKHQVLYH FXUUHQWO\ DYDLODEOH LQ (XURSH FRQVLVWLQJ RI  KHDY\ YHKLFOHV 7\SLFDO YHKLFOH
VLOKRXHWWHV ZHUH H[WUDFWHG IURP WKLV GDWD FRUUHVSRQGLQJ WR WKH WUXFN W\SHV XQGHU FRQVLGHUDWLRQ LQ WKLV
VWXG\ LH WKHFXUUHQWOHJDOWUXFN OLPLWVLQ,UHODQG±D[OHWWKLVLVD WHPSRUDU\GHURJDWLRQIURPW
GXHWRH[SLUHLQ'HFHPEHUDQGD[OHWDQGWKHSURSRVHGLQFUHDVHG*9:OLPLWRIWIRUWKH
D[OH WUXFN7KLVDOORZHG WKHPHDQD[OHZHLJKWVDQGVSDFLQJVIRU WKHVH WUXFNV WREHFDOFXODWHG)LJXUH
VKRZVWKH*9:KLVWRJUDPIRUWKHD[OHWUXFNVLQWKHGDWD
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)LJXUH±*URVV9HKLFOH:HLJKW*9:KLVWRJUDPIRUD[OHWUXFNVLQWKH1HWKHUODQGV

7KH ELPRGDO QDWXUH RI WKH KLVWRJUDP FRUUHVSRQGV WR HPSW\ DQG IXOO\ ODGHQ YHKLFOHV 7R H[WUDFW WKH
SURSHUWLHVRIDW\SLFDOD[OHWWUXFNDµVOLFH¶ZDVWDNHQLQWKHGDWDDWWDQGWKHFRUUHVSRQGLQJD[OH
ZHLJKWVDQGVSDFLQJVH[WUDFWHG7KHVDPHWHFKQLTXHZDVFDUULHGRXWWRJHQHUDWHW\SLFDOVLOKRXHWWHVIRU
D[OHWDQGD[OHWWUXFNV
$QDO\VLV
3UHOLPLQDU\VLPXODWLRQV

,QWKHLQLWLDOSKDVHRIWKHVWXG\HOHYHQLQIOXHQFHOLQHVZHUHFRQVLGHUHGIRUEULGJHOHQJWKVRI
DQGPRXWOLQHGLQ7DEOH7KHVHLQIOXHQFHOLQHVZHUHFKRVHQDV
WKH\ IRUPHG WKH EDVLV RI WKH RULJLQDO (XURFRGH FDOLEUDWLRQ H[HUFLVH 2¶&RQQRU HW DO  7KH
WKHRUHWLFDO ZRUVW FDVH VFHQDULR LH FRQYR\V RI IXOO\ ORDGHG WUXFNV ZDV PRGHOOHG -DPPHG DQG IUHH
IORZLQJ VFHQDULRV ZHUH FRQVLGHUHG )RU VKRUW EULGJHV HJ EULGJH OHQJWK  P WKH PD[LPXP ORDG
HIIHFWFDQUHVXOWIURPHLWKHUWKHIUHHIORZLQJLQFOXGLQJG\QDPLFVRUMDPPHGVFHQDULRGHSHQGLQJRQWKH
ORDGHIIHFW )OLQW	-DFRE2¶&RQQRUDQG2¶%ULHQ2YHUP MDPPHGVFHQDULRVJHQHUDOO\
JRYHUQ+HQFHIRUEULGJHVXSWRDOHQJWKRIPIUHHIORZLQJFRQGLWLRQVZHUHVLPXODWHG7KLVLQYROYHG
PXOWLSOLFDWLRQ RI WKH VWDWLF ORDG HIIHFWV E\ D'\QDPLF$PSOLILFDWLRQ)DFWRU '$)ZLWKPDJQLWXGH DV
HPSOR\HG LQ WKH (XURFRGH FDOLEUDWLRQ GHWDLOHG LQ )LJXUH  7KH'$) WDNHV LQWR DFFRXQW WKH G\QDPLF
DPSOLILFDWLRQ RI VWDWLF ORDGV RQ D EULGJH GXH WR YHKLFOHVWUXFWXUH LQWHUDFWLRQ )RU WKH IUHH IORZLQJ
VFHQDULRVDEDFND[OHWRIURQWD[OHVSDFLQJRIPZDVDVVXPHG)RU WKH MDPPHGVLPXODWLRQVDEDFN
D[OHWRIURQWD[OHJDSRIPZDVHPSOR\HG1RYDN7KHIXOOUDQJHRIEULGJHOHQJWKVIURPWR
PZHUHDQDO\]HG52',6

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7DEOH±,QIOXHQFHOLQHV

,QIOXHQFH
/LQH1XPEHU
5HSUHVHQWDWLRQ 'HVFULSWLRQRIWKH,QIOXHQFH/LQH
,

7RWDOORDG
,, 0D[LPXP EHQGLQJ PRPHQW RI D VLPSO\
VXSSRUWHGDQGGRXEOHIL[HGVSDQUHVSHFWLYHO\
,

0D[LPXP EHQGLQJPRPHQW DW WKH VXSSRUW RI
WKHIRUPHUGRXEOHIL[HGEHDP
,, 6KHDU IRUFH DW WKH HQGV RI VLPSO\ VXSSRUWHG
EHDPDVVXPLQJWUDIILFIORZLQJOHIWWRULJKW
, 0RPHQW DW FHQWUH RI FHQWUDO VSDQ LQ VSDQ
EHDPZLWKVSDQUDWLRV///
,, 0LQLPXP DQG PD[LPXP EHQGLQJ PRPHQW DW
PLGVSDQ RI WKH ILUVW VSDQ RI D WZR VSDQ
FRQWLQXRXVEHDP
,

&HQWUDO VXSSRUW PRPHQW RI WKH IRUPHU WZR
VSDQEHDP
,

&RQWLQXRXVVXSSRUWUHDFWLRQRIWKHIRUPHUWZR
VSDQEHDP
ZLWKDQLQHUWLDVWURQJO\YDU\LQJEHWZHHQPLGVSDQDQGWKHHQGV
WKHVHFRQGVSDQRQO\LVORDGHG

)LJXUH±'\QDPLFDPSOLILFDWLRQIDFWRUVIURP(XURFRGH2¶&RQQRUHWDO

,QIOXHQFHOLQH,ZDVIRXQGWRKDYHWKHKLJKHVWORDGHIIHFWVDQGZDVWKHUHIRUHFRQVLGHUHGLQWKHGHWDLOHG
DQDO\VLV , DQG , DOVR H[KLELWHG KLJK ORDG HIIHFWV DQG ZHUH VWXGLHG GXH WR WKHLU VLJQLILFDQFH LQ WKH
(XURFRGHFDOLEUDWLRQ2¶&RQQRUHWDO,ZDVFKRVHQWRDOORZFRQVLGHUDWLRQRIVKHDUHIIHFWV
2076   Eugene J. OBrien et al. /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  2071 – 2080 
'HWDLOHG$QDO\VLV

7KHPRVWFULWLFDOLQIOXHQFHOLQHVDVLGHQWLILHGE\WKHSUHOLPLQDU\VLPXODWLRQVZHUHVWXGLHGLQJUHDWHU
GHWDLO7KHSUHOLPLQDU\DQDO\VLVZDVTXLWHFRQVHUYDWLYHGXHWRWKHDVVXPHGDEVHQFHRIFDUVLQWKHWUDIILF
PL[)RUWKHGHWDLOHGDQDO\VLVD:,0GDWDEDVHIURP3RODQGZDVXVHGZKLFKLQFOXGHGUHFRUGVRIFDUVDV
ZHOO DV WUXFNV IRU D SHULRG RI PRQWKV7KH GDWDVHW LQFOXGHG GHWDLOV RI DSSUR[LPDWHO\  WUXFNV
ZKHUH D WUXFN LV GHILQHG DV D YHKLFOHZHLJKLQJ LQ H[FHVV RI W DQGPLOOLRQ FDUV LQ ODQHV7KH
PHDVXUHPHQWVLQFOXGHZHHNHQGWUDIILFZKLFKLVVLJQLILFDQWO\OLJKWHUERWKLQYROXPHDQGDYHUDJH*9:
WKDQZHHNGD\WUDIILF7KLVVWXG\IRFXVHVRQZHHNGD\WUDIILFRQO\ZLWKDQDVVXPHGZRUNLQJGD\VSHU
\HDU$VXPPDU\RIWKH:,0GDWDLVSURYLGHGLQ7DEOH

7DEOH:,0GDWDFKDUDFWHULVWLFV

9HKLFOHW\SH 6ORZ/DQHF )DVW/DQH 7RWDO
&DUVD   
7UXFNV   
7RWDO E  
&DUV   
7UXFNV   
 D$FDULVFRQVLGHUHGWREHDQ\YHKLFOHZLWKD*9:OHVVWKDQW
 EZLWKOHVVWKDQD[OHV
 F6ORZODQHWUDIILFRQO\ZDVUHSOLFDWHGWRSURGXFHELGLUHFWLRQDOWUDIILF

-DPPHGDQGIUHHIORZVFHQDULRVZHUHFRQVLGHUHGIRUWKHIRXUFULWLFDOLQIOXHQFHOLQHVLGHQWLILHGLQWKH
SUHOLPLQDU\ VLPXODWLRQV LH , , , DQG , LQ7DEOH)LYH DOWHUQDWLYH DQDO\VHVZHUH FRQVLGHUHG IRU
HDFKLQIOXHQFHOLQHODEHOOHG$%&'DQG(

$ ,Q WKH ILUVW DQDO\VLV WKH 3ROLVK :,0 GDWD ZLWKRXW PRGLILFDWLRQ ZDV XVHG WR GHWHUPLQH WKH
FKDUDFWHULVWLFORDGHIIHFWV

,QHDFKVXEVHTXHQWDQDO\VLVLH%(WKHGDWDZDVPRGLILHGE\UHPRYLQJDQ\WUXFNZLWKRUPRUHD[OHV
RQWKHEDVLVWKDW LWZDVOLNHO\WREHDSHUPLWLHDEQRUPDOWUXFN6LPXODWLRQVZHUHWKHUHIRUHSUHSDUHG
DFFRUGLQJWRWKHIROORZLQJFULWHULD

% 1RFKDQJHWRWUXFNVZLWKRUOHVVD[OHV
& 7KH*9:RIDQ\D[OHWUXFNGHHPHGWREHIXOO\ORDGHGLHZLWKZHLJKWLQWKHUDQJHWWRWLV
LQFUHDVHGWRW
'7KH*9:RIDQ\D[OHRUD[OHWUXFNZLWKZHLJKWLQWKHUDQJHWWRWLVUHSODFHGZLWKDD[OH
WUXFNZLWKZHLJKWW
( $Q\RUD[OHWUXFNZLWKZHLJKWLQWKHUDQJHWWRWLVUHSODFHGZLWKDD[OHWWUXFN

,QWKHVLPXODWLRQUXQVELGLUHFWLRQDOWUDIILFZDVPRGHOOHGLQDOOFDVHVZLWKRQHODQHLQHDFKGLUHFWLRQ
7KHVORZODQHLQWKH:,0GDWDZDVUHSOLFDWHGLQWKHRSSRVLQJGLUHFWLRQVKLIWHGLQWLPHE\RQHGD\)XOO
ODWHUDOGLVWULEXWLRQRIORDGLQJZDVDVVXPHGLQDOOFDVHV±LHHTXDOFRQWULEXWLRQVIURPWUXFNVLQERWKODQHV
7KHVLPXODWLRQRXWSXWFRQVLVWHGRIGDLO\PD[LPXPORDGHIIHFWVIRUWKHIRXUFULWLFDOLQIOXHQFHOLQHV7KHVH
ORDGHIIHFWVZHUHSORWWHGRQ*XPEHOSUREDELOLW\SDSHUDOORZLQJGHWHUPLQDWLRQRIWKHDSSURSULDWH([WUHPH
9DOXH 'LVWULEXWLRQ (9' DQG H[WUDSRODWLRQ WR WKH FKDUDFWHULVWLF  \HDU ORDG HIIHFW $ :HLEXOO
GLVWULEXWLRQZDVIRXQGWRPRVWDFFXUDWHO\GHVFULEHWKHGDLO\PD[LPXPORDGHIIHFWVHTXDWLRQ

  
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
7KHSUREDELOLW\RIH[FHHGDQFHRIWKH\UORDGHIIHFWZDVGHWHUPLQHGIURPWKHIRUPXOD

  

ZKHUHǤ WKH5HWXUQ 3HULRGZDV FDOFXODWHG RQ WKH EDVLV RI ZHHNGD\V LQ RQH \HDU 5HDUUDQJLQJ
HTXDWLRQ DQG VXEVWLWXWLQJ IRU	ሺሻ DOORZV WKH\U FKDUDFWHULVWLF YDOXHRI WKH ORDG HIIHFW WR EH
GHWHUPLQHG

  

7KLV H[WUDSRODWLRQ ZDV SHUIRUPHG RQ WKH ILQDO GDLO\ PD[LPXP ORDG HIIHFWV DV UHFRPPHQGHG E\
&DVWLOOR
6LPXODWLRQUHVXOWV
)LJXUHLOOXVWUDWHVWKHUHVXOWVIRUWKHPLGVSDQEHQGLQJPRPHQWRIDPVLPSO\VXSSRUWHGEULGJHLH
,7KHPD[LPXPSHUGD\EHQGLQJPRPHQWVDUHSORWWHGRQ*XPEHOSUREDELOLW\SDSHU

 








      
OQ

OQ
S

%HQGLQJPRPHQWN1P
\HDU
\HDU
6FHQDULR%
6FHQDULR(

)LJXUH±0D[LPXPSHUGD\PLGVSDQPRPHQW,QIOXHQFHOLQHPEULGJH

6FHQDULR%LVFRQVLGHUHGDVWKHUHIHUHQFHFDVHQRQSHUPLWWUDIILFDQG6FHQDULR(LVWKHPRVWH[WUHPHRI
WKHRWKHUVFHQDULRVWWUXFNV7KHODUJHVWPRPHQWIRU6FHQDULR(LVDERXWN1P$VWKHODUJHVW
YDOXHIRXQGWKLVFRUUHVSRQGVWRDYHU\KLJKSUREDELOLW\RIQRWEHLQJH[FHHGHG7KHVHGDWDSRLQWVZHUHILW
WRDFXUYHDVLOOXVWUDWHGDQGWKHWUHQGH[WUDSRODWHGWRGHWHUPLQHWKHFKDUDFWHULVWLFEHQGLQJPRPHQWVIRU
DQG\HDUUHWXUQSHULRGV,QWKLVFDVHWKHFXUYHFRUUHVSRQGVWRD:HLEXOO([WUHPH9DOXHVWDWLVWLFDO
GLVWULEXWLRQDVGHVFULEHGE\HTXDWLRQ

,Q )LJXUH  WKH FKDUDFWHULVWLF PD[LPXP PRPHQW IRU D \HDU UHWXUQ SHULRG LV VOLJKWO\ ODUJHU IRU
6FHQDULR(WKDQLW LV IRU6FHQDULR%+RZHYHU WKHUHLVD ORWRIYDULDELOLW\LQKHUHQWLQWKLVH[WUDSRODWLRQ
DQGPRUH LPSRUWDQWO\ WKHUHVXOWFDQEHRYHULQIOXHQFHGE\D VPDOOQXPEHURIH[WUHPHO\KHDY\ WUXFNV
%DVHGRQWKHUHVXOWVRIWKHVLPXODWLRQVDQGH[WUDSRODWLRQVSHUIRUPHGLWZDVFRQFOXGHGWKDWQRVWDWLVWLFDOO\
VLJQLILFDQWGLIIHUHQFHH[LVWHGEHWZHHQWKHFKDUDFWHULVWLFORDGHIIHFWVFDOFXODWHGIURPWKHILYHVFHQDULRV$
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EHWWHULQGLFDWLRQRIWKHGLIIHUHQFHVEHWZHHQWKHVFHQDULRVPD\EHREWDLQHGE\H[DPLQLQJWKHPHDQGDLO\
PD[LPXP ORDG HIIHFWV UDWKHU WKDQ WKH H[WUDSRODWHG FKDUDFWHULVWLF ORDG HIIHFWV )LJXUH  LOOXVWUDWHV WKH
LQFUHDVH LQPHDQGDLO\PD[LPXPORDGHIIHFWZLWKVFHQDULR%QRQSHUPLW WUXFNVDV WKHUHIHUHQFHFDVH
6PDOOLQFUHDVHVRFFXUEHWZHHQVFHQDULR%DQGVFHQDULR(ZKLFKFRQVLGHUVIXOO\ORDGHGWD[OHWUXFNV
6FHQDULRV & DQG ' ZKLFK FRUUHVSRQG WR W  D[OH DQG W  D[OH WUXFNV UHVSHFWLYHO\ UHSUHVHQW WKH
FXUUHQW*9:OLPLWVIRUDQGD[OHWUXFNVDQGDUHDVH[SHFWHGOHVVRQHURXVWKDQVFHQDULR(

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,
)LJXUH±,QFUHDVHLQPHDQGDLO\ORDGHIIHFWV
3DYHPHQWGDPDJH
%DVHGRQDQ$PHULFDQ ILHOGVWXG\ LQ WKH¶V WKHWK3RZHU/DZVWDWHV WKDWSDYHPHQWGDPDJH LV
SURSRUWLRQDOWRD[OHZHLJKWUDLVHGWRWKHWKSRZHU




ZKHUH 3:')   3DYHPHQW :HDU 'DPDJH )DFWRU Q   QXPEHU RI D[OHV LQ WKH YHKLFOH DQG (6$/L  
(TXLYDOHQW6WDQGDUG$[OH:HLJKWRID[OH L7KLV LV FDOFXODWHGE\GLYLGLQJ WKHZHLJKWRI WKHD[OHEHLQJ
FRQVLGHUHG E\ D VWDQGDUG D[OHZHLJKW RI W 7KHUHIRUH DQ D[OH RIZHLJKW W KDV DQ(6$/  7KH
3:')ZDVFDOFXODWHGIRUPLOOLRQWRQQHVRIIUHLJKWFDUULHGRQD[OHWUXFNVZLWKWKHFXUUHQW,ULVK*9:
OLPLWRIW DGHURJDWLRQIURPW7KLVZDVUHSHDWHGIRU WKHSURSRVHGD[OHW*9:OLPLWDQG WKH
UHVXOWVFRPSDUHG,WVKRXOGEHQRWHGWKDWWKLVLVDYHU\VLPSOHDSSURDFKXVHGWRJLYHDURXJKLQGLFDWLRQRI
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WKHOLNHO\LPSDFWRIFKDQJLQJWKH*9:OLPLWV0RUHVRSKLVWLFDWHGPHFKDQLVWLFHPSLULFDOPRGHOVWDNLQJ
DFFRXQW RI YHKLFOH IOHHW G\QDPLFV DQG WKHSKHQRPHQRQRI6WDWLVWLFDO6SDWLDO5HSHDWDELOLW\ &ROORS DQG
&HERQ2%ULHQDQG7DKHULDUHSRVVLEOHEXWZHUHQRWFRQVLGHUHGIRUWKLVVWXG\

:LWK DQ DVVXPHG XQODGHQZHLJKW RI D  D[OH WUXFN RI W HDFK  D[OH W WUXFN FDQ WUDQVSRUW W RI
IUHLJKW7KHUHIRUH  WUXFNV HDFKZLWKW RI IUHLJKW W JURVV RQ D[OHV DUHQHHGHG WRKDXO 
PLOOLRQWRQQHVRIIUHLJKW7KHD[OHZHLJKWVIRUDD[OHWWUXFNZHUHH[WUDFWHGIURPWKH'XWFK:,0GDWD
DQG(6$/VFDOFXODWHGDV

 :HLJKWW (6$/V
$[OH  
$[OH  
$[OH  
$[OH  
$[OH  
7DEOH(6$/VIRUD[OHWWUXFN
$SSO\LQJWKHWKSRZHUODZJLYHV

3:')D[OHW [ 

7KHXQODGHQZHLJKWRIDD[OHWUXFNLVDVVXPHGWREHW(DFKD[OHWUXFNWKHUHIRUHFDUULHVDSD\ORDG
RIW+HQFHD[OHWWUXFNVDUHQHHGHGWRKDXOPLOOLRQWRQQHVRIIUHLJKW7KHD[OHZHLJKWDQG
(6$/VIRUDW\SLFDOD[OHWWUXFNZHUHIRXQGIURPWKHVDPH:,0GDWDEDVHDQGDUHVKRZQLQ7DEOH

 :HLJKWW (6$/V
$[OH  
$[OH  
$[OH  
$[OH  
$[OH  
$[OH  
7DEOH(6$/VD[OHWWUXFN
$SSO\LQJWKHWKSRZHUODZ

3:')D[OHW [ 

7KLVJLYHVD UHGXFWLRQ LQ WKH3:')RIZKHQFKDQJLQJIXOO\ IURPDIOHHWRID[OHW WUXFNV WRD
IOHHWRID[OHWWUXFNV7KH3:')IRUD[OHWYHKLFOHVZDVDOVRFDOFXODWHGDQGIRXQGWRUHSUHVHQWD
GHFUHDVHRIFRPSDUHGWRWKDWIRUWKHFXUUHQWGHURJDWLRQRID[OHWWUXFNV52',6
&RQFOXVLRQV
7KLV VWXG\ UHSRUWHGRQ WKH HIIHFW RI LQFUHDVLQJ WKH*9: OLPLW RI  D[OH WUXFNV IRU DZLGH UDQJHRI
EULGJHOHQJWKVDQGLQIOXHQFHOLQHV'XHWRWKHFXUUHQWDEVHQFHRIDQ,ULVK:,0GDWDEDVHFRPSUHKHQVLYH
GDWDIURP7KH1HWKHUODQGVDQG3RODQGZDVXVHG$QLQFUHDVHLQWKH*9:OLPLWRID[OHWUXFNVIURPW
WR WZDV VLPXODWHG DQG WKH FRUUHVSRQGLQJ LQFUHDVH LQ EHQGLQJPRPHQWV DQG VKHDU IRUFHV FDOFXODWHG
:KLOHWKHSURSRVHGFKDQJHLQWKHJURVVZHLJKWOLPLWGRHVLQFUHDVHFKDUDFWHULVWLFEULGJHORDGHIIHFWVWKH
LQFUHDVHVDUHTXLWHVPDOO±LWLVFRQVLGHUHGWKDWDQXSZDUGUHYLVLRQLQWKH*9:ORDGFRXOGEHSHUPLWWHG
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ZLWKRXWFRPSURPLVLQJWKHDSSOLFDELOLW\RIWKHFXUUHQWO\HPSOR\HGFRGLILHGORDGPRGHOV7KHHIIHFWRIWKLV
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